Objectives: Frequent emergency department (ED) users are high-risk and high-resource-utilizing patients. This systematic review evaluates effectiveness of interventions targeting adult frequent ED users in reducing visit frequency and improving patient outcomes.
Conclusions:
Interventions targeting frequent ED users appear to decrease ED visits and may improve stable housing. Future research should examine cost-effectiveness and adopt standardized definitions. F requent emergency department (ED) users disproportionately utilize healthcare resources. 1 Existing literature also indicates a higher prevalence of chronic illness, psychiatric comorbidity, and lower socioeconomic status, [2] [3] [4] [5] [6] [7] [8] [9] [10] as well as higher mortality and adverse health outcomes compared to nonfrequent users. 11 Existing evidence suggests that frequent ED users are at-risk patients in whom interventions may improve outcomes. A variety of interventions to address their needs have been described. [12] [13] [14] [15] [16] [17] Two existing systematic reviews 18, 19 suggested that targeted interventions, particularly case management, may reduce ED visits. These reviews do not include several more recently published studies and their searches did not capture all available interventions. Therefore, an updated review of the literature is justified to summarize this field. The objective of this systematic review is to summarize experimental studies evaluating the effectiveness of interventions targeting adult frequent ED users at reducing ED visit frequency and improving hospital admissions, mortality, costs, and social outcomes.
METHODS

Study Design
This was a systematic review of studies reporting the effectiveness of interventions targeting adult frequent ED users. An a priori study protocol defined the objectives, search strategy, eligibility criteria, outcomes of interest, process for data abstraction, and methods for data analysis. The protocol was registered in PROSPERO (CRD42014015058). The systematic review conforms to PRISMA guidelines. No ethics approval was required.
Eligibility Criteria
Types of Studies. Studies were included if they were experimental, implemented interventions targeting adult frequent ED users, and if they assessed ED visits and other patient outcomes. Eligible study designs included randomized controlled trials (RCTs), controlled before-after (CBA), and noncontrolled before-after (NCBA) studies.
Types of Patients.
Included studies needed to examine the effect of interventions on adult frequent ED users. The definition of frequent ED users could be based on any parameters determined by the authors. Studies assessing frequent ED users with a specific disease (e.g., sickle cell disease) were excluded, except for those examining general psychiatric disorders.
Study Protocol Search Strategy. Comprehensive searches of seven electronic databases (Medline, EMBASE, CINAHL, SCOPUS, PsycInfo, Proquest Dissertations and Theses, and BASE) were conducted from database inception to October 2014. The search strategy was designed by an information specialist (SC) and comprised both selected subject headings and keywords adapted to each database (see Data Supplement S1, available as supporting information in the online version of this paper). No limits were applied based on date, language, or publication status. Additionally, extensive gray literature searches were conducted including clinical trial registries, Web of Science, Google Scholar, and hand searches of the most recent conference abstracts (2008) (2009) (2010) (2011) (2012) (2013) in Academic Emergency Medicine and the Canadian Journal of Emergency Medicine. Reference lists of reviews and retrieved articles were checked for potentially relevant studies.
Study Selection. Two pairs of reviewers (JM, SK, LT, TT) independently screened titles and abstracts from the search strategies. The full texts of potentially relevant articles were retrieved for closer inspection by two of three independent reviewers (JM, SK, TT). Disagreements about inclusion were resolved by a third party (BHR or MO).
Risk of Bias Assessment. Two of four independent reviewers (SK, RL, AD, PD) rated methodologic quality. The RCTs and CBA studies were assessed using the Cochrane Risk of Bias (RoB) tool; 20 NCBA studies were assessed using a tool developed by the National Heart, Lung, and Blood Institute. 21 Quality assessments were reported using an individual components approach based on susceptibility to bias. 22 Disagreements were resolved by consensus or third-party adjudication (MO).
Data Extraction and Analysis. Data from included studies were extracted onto standard extraction forms by four independent trained reviewers (AH, NV, MS, JK) and all extractions were duplicated by two authors (JM, ER) for reliability. The following data were extracted from individual studies: country, publication year, study design, participants' demographics, frequent use definitions, intervention details, and outcomes (ED visit frequency, admissions, outpatient services use, costs, mortality, and housing stability). Key details of included studies are presented in summary of evidence tables (Tables 1 and 2 and Data  Supplement S2 [Tables S1 and S1 ], available as supporting information in the online version of this paper). Primary study authors were contacted to provide confirmation, clarification, or expansion of information or elaborate on ongoing research when necessary.
Key Outcome Measures
The primary outcome of interest was ED visit frequency. Secondary outcomes were admissions, outpatient services use, costs, mortality, and housing stability. Noninterventional studies, editorials, review articles, case series, and pediatric studies were excluded.
Data Analysis and Statistical Considerations
Studies reported the primary outcome variably. For example, aggregate ED visits (e.g., 655 ED visits over 6 months), mean or median visits per patient over a defined time interval (e.g., 2.4 visits/patient in 6 months), and rates (e.g., 0.4 visits/patient/month) were all reported. In addition, variable times were used to report pre-(e.g., 5, 6, 12 months) and postintervention study periods (6, 11, 12 months For studies reporting pre-and post-intervention ED visits, unit-less rate ratios of visits/time were calculated (post/pre [e.g., 655/1105 = 0.59]). Values less than 1 reflect a relative visit reduction due to the intervention; values more than 1 reflect a relative visit increase due to the intervention.
Rate ratios with 95% CIs were computed using Poisson confidence limits with Review Manager 5.2 software (Copenhagen: The Nordic Cochrane Collaboration 2012). Heterogeneity was tested using the I 2 statistic. Individual study estimates were not combined into a meta-analysis due to substantial heterogeneity and incompleteness in outcomes definition; rather, median and IQR were used to describe the distribution and dispersion of estimates across the studies. 23, 24 Subgroup analyses were performed for before-after studies based on duration of follow-up, frequent use definition thresholds, clinical subgroups, and intervention type. Additionally, rate ratios were calculated for the difference between treatment and control groups among RCTs.
RESULTS
Search Results
The search strategy identified 6,865 citations, and 4,889 after duplicates were removed. A total of 398 full-text articles were assessed for eligibility and 31 articles were deemed eligible for the review (see Data Supplement S3, Figure S1 [available as supporting information in the online version of this paper]). The primary reasons for the exclusion are shown in Figure S1 .
Study Characteristics
Twenty-one NCBA studies, [12] [13] [14] [15] [16] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] six RCTs, 17, [41] [42] [43] [44] [45] and four CBA studies [46] [47] [48] [49] examined interventions targeting adult frequent ED users. The studies were published between 1985 and 2014 (median publication year = 2010; IQR = 2006 to 2013). Most (n = 23) were published in peer-reviewed journals, [12] [13] [14] [15] [16] [17] [25] [26] [27] [28] [29] [30] [35] [36] [37] [38] [39] 41, [44] [45] [46] [47] [48] [49] five were scientific conference abstracts, [31] [32] [33] [34] 40 and two were protocols for planned RCTs. 42, 43 Authors of primary studies were mainly from the United States. 12, 13, 15, 25, 27, 31, 32, 34, 36, 37, [39] [40] [41] 45, 46, 48, 49 Other countries represented were Canada, 38, 43 the United Kingdom, 16, 26, 33 Australia, 14, 30 Sweden, 17, 28, 44, 47 Scotland, 35 Taiwan, 29 and Switzerland. 42 Overall, studies included a general frequent user population; however, some focused their inclusion on subgroups with psychiatric, mental health or substance abuse comorbidities, 25, 26, 36, 39, 43 homeless, low income, unemployed or uninsured/underinsured patients, 13 41 Additional definitions were more than three visits in 6 months, 44 10 visits in 6 months, 35 three visits in 1 month, 37 and three or more visits in 72 hours. 29 Other studies considered the top 30, 33 50, 15 or 100 attendees 36 to be frequent users or allowed staff or investigators to determine inclusion without specified thresholds 16, 30, 34 or based on clinical parameters. 38 One study identified frequent users using the hospital billing system but did not specify the thresholds applied. 40 
Characteristics of Interventions
Interventions implemented were case management (n = 18), diversion strategies to nonurgent care (n = 3), 31, 47, 48 printout case notes (n = 1), 17 and social work home visits (n = 1). 27 Case management involved multidisciplinary teams, including physicians, nurses, psychologists, social workers, and/or housing and community resource liaisons, who developed tailored care strategies for patients and linked them to necessary services. Care plan interventions involved multifaceted patient health and social assessments to develop individualized plans to guide future care-givers. Diversion strategies sought to redirect appropriate patients to non-ED settings for care. The study examining printout case notes 17 involved study staff printing out information from patients' previous three ED visits for the current physician providing care. One study 27 arranged social work home visits to identify patient needs. All but seven studies 25, 30, 31, 34, 43, 48, 49 explicitly defined frequent ED use and followed ED visits at a single institution rather than at multiple centers.
Methodologic Quality of the Studies
All RCTs and CBA studies had a high risk of bias, most commonly due to inadequate randomization, allocation concealment, and blinding. Quality assessments of two currently ongoing studies 42, 43 were not performed as only published protocols were available. The risk of bias of NCBA studies ranged from high (n = 7) 14, 30, [32] [33] [34] 37, 40 to moderate (n = 14). 12, 13, 15, 16, [25] [26] [27] [28] [29] 31, 35, 36, 38, 39 Quality issues related to the study participants' representativeness, enrollment of all eligible participants into the study, adequate sample size, outcome assessor blinding, and lack of multiple outcome measurements were identified. No included studies had a low risk of bias. Summaries of the quality assessments are presented in Figures S2-S4 (available as supporting information in the online version of this paper).
ED Visits Outcome
All included studies reported ED visits. Twenty-two studies reported a decrease in ED visits post-intervention, 12, 13, 15, 16, [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [38] [39] [40] 46, 47, 49 although eight did not substantiate this decrease with statistical testing. 15, 27, 30, 31, 33, 34, 40, 47 Four studies reported a statistically significant decrease in ED visits between intervention and control groups. 44, 45, 47, 48 Several studies concluded no statistically significant change in preand post-intervention ED visits 14, 37 or between the intervention and control group. 17, 41 Changes in ED visits for before-after studies were calculated as rate ratios of post-versus pre-intervention visits, where the studies' data allowed this analysis. One study reported only median visits; 13 these medians were used as an approximation of mean visits to compute the rate ratio. Out of 25 studies in which rate ratio calculation was possible, a significant decrease in postintervention ED visits was found in 21 (84%) of these studies (rate ratio range = 0.23 to 0.75; Figure S5 , available as supporting information in the online version of this paper). 12, 13, 16, 17, [25] [26] [27] [28] [29] [31] [32] [33] [34] [35] [36] 38, 40, [46] [47] [48] [49] No significant decrease in the post/pre intervention visit rate ratio was found for four studies. 14, 15, 30, 37 Significant heterogeneity (I 2 = 97%) precluded meta-analytic pooling. However, the median rate ratio was 0.63 (IQR = 0.41 to 0.71), indicating that the general effect of the interventions described was to decrease ED visits post-intervention.
Subgroup analysis revealed similar findings, with the majority of studies reporting a decrease in ED visits, regardless of length of follow-up ( Figure S6 , available as supporting information in the online version of this paper), definition of frequent users ( Figure S7 , available as supporting information in the online version of this paper), clinical subgroup studied (Online Figure S8) , and type of intervention studied ( Figure S9 , available as supporting information in the online version of this paper).
Among the three RCTs identified in the search, no consistent effect was observed: one study found a decrease, one found an increase, and one found no change in treatment versus control group ED visits ( Figure S10 , available as supporting information in the online version of this paper). High heterogeneity (I 2 = 97%) and a low number of studies limits our interpretation of these results.
Admission Outcome
Fifteen studies assessed hospital admissions. 12, 13, [15] [16] [17] 27, 29, 30, 33, 34, 39, [43] [44] [45] 48 Six studies reported a post-intervention decrease in admissions, 16, 27, 30, 34, 39, 49 although two of these did not report statistical significance testing. 27, 30 One study reported a significant decrease in admissions in the intervention compared to the control group. 48 One study reported a nonstatistically significant trend toward an increase in admissions, 29 and seven studies reported no change in admissions post-intervention 12, 13, 15, 33 or between intervention and control groups. 17, 44, 45 One study protocol did not have data available at the time of the review. 43 Outpatient Visits Outcome Nine studies examined outpatient visits. 13, 17, 27, 29, 30, 41, 45, 47, 48 One study reported an overall post-intervention decrease in outpatient visits without statistical testing. 27 Four studies reported an increase in outpatient visits post-intervention; one study indicated that this was statistically significant, 13 one study reported the increase as nonsignificant, 29 and two did not substantiate the increase with statistical testing. 30, 47 Two studies reported a higher rate of outpatient visits for intervention groups versus controls, one without statistical testing 41 and one with reported statistical significance. 48 Two studies reported no statistically significant difference between intervention and control groups. 17, 45 Mortality Outcome Three studies reported mortality. 13, 41, 44 Two compared mortality rates between frequent users randomized to an intervention or a control group. One found a 4.3% compared to 3.5% mortality rate among frequent users randomized to case management versus controls, which was not statistically significant. 44 The other RCT reported a mortality rate of 3.7% in frequent users assigned to care plans versus 8% in the control group. 41 A before-after study reported a 17% mortality rate among frequent users with no comparator group. 13 These last two studies did not perform statistical significance testing.
Housing Stability Outcome
Four studies reported housing stability. 13, 14, 45, 46 All of these employed case management in populations of general adult frequent users 14 or those with low socioeconomic status. 13, 45, 46 These studies uniformly found that case management improved housing stability post-intervention, and three of four reported this as statistically significant. 13, 14, 45 Costs Outcome Thirteen studies reported interventions' costs 13, 27, 30, 32, 36, 39, 40, 42, [44] [45] [46] 48, 49 but employed varying cost calculation methods. Methods included considering costs of ED services, hospitalization, non-ED outpatient services, and/or the intervention itself. Despite methodologic heterogeneity, nine studies reported savings, 13, 32, 36, 39, 40, 44, 46, 48, 49 which were calculated as statistically significant by five studies. 13, 36, 39, 44, 46 Of two studies reporting a mixed effect, one reported a decrease in ED and inpatient costs but an increase in outpatient costs, 27 and the other 45 found a significant decrease in ED costs but no change in the costs of inpatient services, psychiatric emergency services, outpatient services, physicians' fees, or total hospital costs with the cost of case management included. One study reported program costs with no assessment of net costs or savings, 30 and one protocol had no cost data available at the time of this review. 42 
DISCUSSION
This systematic review has summarized evidence from 31 interventional studies on interventions' effectiveness at decreasing frequent ED users' ED visits, healthcare utilization, costs, mortality, and at improving housing stability. The available evidence suggests that interventions targeted toward adult frequent ED users effectively decrease ED visit frequency overall. In subgroup analyses, statistically significant decreases in post-versus pre-intervention ED visits were found in the majority of studies regardless of follow-up time frame, definition threshold, clinical subgroups, and intervention type, suggesting the robustness of this effect.
The evidence regarding interventions' effect on other healthcare utilization remains unclear. Studies did not consistently show that interventions decreased hospital admissions. Exposure to interventions more commonly led to an increase than decrease in outpatient visits, possibly reflecting intentional linking of frequent ED users to other services. A paucity of comparative data specifically examining interventions' impact on mortality preempts any conclusion of effect. The four studies examining housing stability all showed that interventions improved this outcome.
Cost is important when determining interventions' sustainability. The overall cost of an intervention is complex, including costs of the intervention itself (e.g., physician time, paramedical staff, infrastructure, services), savings from decreased healthcare utilization (e.g., ED visits, hospitalizations), costs of increased service use (e.g., community or outpatient services), and savings from improved productivity of more medically and socially stable patients (e.g., gains in employment, stable housing). The studies available inconsistently measured costs, spanned 15 years (2000 to 2014), and employed different currencies; they are therefore difficult to compare. Nonetheless, 11 of 13 studies calculating costs in some way concluded that interventions produced some savings, whether absolutely or as a mixed effect.
LIMITATIONS
There are several limitations of this review. First, marked heterogeneity among studies (particularly in definitions and methodology) precluded meta-analysis and hindered conclusion; however, for post-versus pre-intervention ED visits, a median rate ratio could be calculated and this is another nonpooling technique use to describe the average effect of interventions. Our subgroup analyses suggest that at least some of the heterogeneity could be explained by clinical subgroups and intervention types; however, overall I 2 values remained high.
Frequent user definitions varied substantially (16 unique definitions among the 31 studies) and, overall, outcomes reporting was inconsistent. While author contact was attempted in an effort to clarify results when unclear, most authors did not respond. Other sources of heterogeneity included differences between interventions applied across studies and variation even among studies applying the same intervention. Frequent user populations varied geographically and institutionally. While most studies targeted a general adult frequent user population, some focused on subgroups of patients with complex medical conditions, psychiatric comorbidities, low socioeconomic status, or the elderly.
Furthermore, a majority of studies identified frequent ED users, implemented interventions, and monitored post-intervention ED visits at a single institution. It is possible that interventions' measured effectiveness in decreasing ED visits was overestimated in single-institution studies if frequent ED users shifted their visits to other sites. A final limitation of this review is the overall moderate to poor quality of studies.
A major strength of this systematic review is the comprehensive search strategy, including multiple databases and the gray literature, making it likely to have captured most existing literature on frequent ED user interventions. Despite substantial heterogeneity, the large majority of studies showed that the intervention reduced ED visits. It is possible that some portion of the observed post-intervention decrease in ED visits is explainable by a tendency of outliers of high-frequency ED use to stabilize over time. The fact that this effect remained significant regardless of whether studies utilized a higher or lower frequent use threshold (i.e., representing both moderate and extreme frequent ED users), however, suggests against the effect being solely due to outliers regressing to the mean. While the precise magnitude of effect remains to be elaborated, it seems fairly certain that these interventions are indeed effective.
This review represents an up-to-date consolidation of current knowledge on the effectiveness of targeted interventions for frequent ED users. Post-intervention ED visit decreases suggest that interventions addressed underlying unmet needs driving repeat ED visits. A consistent improvement in housing stability in studies reporting this outcome indicates that interventions may improve socioeconomic stability, an integral determinant of health. Further, the majority of studies that undertook a cost analysis concluded net savings. The overall cost-effectiveness of frequent user interventions needs to be comprehensively evaluated. If health system savings can be demonstrated, investment in interventions might be beneficial in light of ED cost containment and overcrowding.
This systematic review highlights considerable inconsistency in frequent use definitions and methodology in this field. Standardization of definitions 50 is important to ensure generalizability in the evaluation of the true effectiveness of targeted interventions for frequent ED users. Future research should also focus on generating high quality evidence to guide decisionmaking about investment in interventions by including standard of care control groups, examining visit frequency at multiple regional EDs, describing welldefined and reproducible interventions, and focusing on patient-centered outcomes including ED and other healthcare utilization, housing stability, mortality, and admission rates.
CONCLUSIONS
Using robust methodology, this systematic review shows that interventions targeting frequent ED users are likely to effectively decrease ED visits and improve social outcomes, such as housing stability. Future research should comprehensively evaluate interventions' cost-effectiveness and should employ standardized definitions and high methodologic rigor to allow comparable research.
